Cloud Point Extraction-HPLC Determination of Polycyclic Aromatic Hydrocarbons Residues in Traditional Chinese Medicinal Herbs  by Shi, Zhihong et al.
 Procedia Environmental Sciences  10 ( 2011 )  1216 – 1221 
doi: 10.1016/j.proenv.2011.09.195 
Available online at www.sciencedirect.com
ESIAT2011 
Cloud Point Extraction-HPLC Determination of Polycyclic 
Aromatic Hydrocarbons Residues in Traditional Chinese 
Medicinal Herbs 
Zhihong Shi, Junjing Yan, Yong Ma, Hongyi Zhang 
College of Chemistry and Environmental Science, Hebei University, Baoding, 071002, China 
 
Abstract 
A method was developed for the analysis of polycyclic aromatic hydrocarbons (PAHs) residues in traditional Chinese 
medicinal herbs by using cloud point extraction combined with high performance liquid chromatography-
fluorescence detection.  Non-ionic surfactant Genapol X-080 was used for the cloud point extraction of five PAHs 
residues. Some important parameters influencing the extraction efficiency, such as the surfactant concentration, 
ultrasonic-assisted extraction time, liquid to solid ratio, salt concentration as well as the equilibration time and 
temperature, were investigated in detail. Experimental results showed that good linearity could be obtained in the 
concentration range of 0.05-20ng/ml for all the five PAHs with correlation coefficients between 0.9989 and 0.9999.  
Relative standard deviations for five replicate determinations of PAHs were between 4.6-6.6%. The established 
method has been successfully applied to the determination of PAHs residues in Rehmannia, Radix Isatidis, Rhizoma 
Coptidis, Root of Auricledleaf Swallowwort and Radix Scutellariae. 
 
 
Keywords: Cloud point extraction; Traditional Chinese medicinal herbs; PAHs; Residue; High performance liquid chromatography 
1. Introduction 
Representing a common type of carcinogenic, teratogenic and mutagenic persistent organic pollutants, 
PAHs are composed of two or more benzenes [1, 2]. For their high toxicity, these substances attract 
widespread attentions. PAHs are mainly generated by incomplete combustion of fossil fuels, and widely 
distributed in air [3], water [4] and soil [5]. Through bio-enrichment, PAHs may accumulate in 
traditional Chinese medicinal plants and then may do harm to human health via food chain. So, it is 
necessary to evaluate the residues of PAHs in traditional Chinese Medicinal herbs.  
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The main methods for the determination of PAHs are HPLC [6] and GC-MS [7]. Since the content of 
PAHs residues in Chinese herbal medicine is very low (trace level), and the matrix is often complicated, it 
is considerably difficult to determine the PAHs in these materials. The sample needs to be extracted and 
concentrated before analysis. There are many ways for the extraction of PAHs, such as the Soxhlet 
extraction, which takes very long time and consumes a lot of organic solvents. Modern trends in 
analytical chemistry are towards the simplification and miniaturization of sample preparation, as well as 
the minimum use of organic solvent [8]. While cloud point extraction (CPE) is a simple, safe, non-toxic 
and economical method which employs the unique characters of surfactant: solubility for solutes of 
different nature and phase separation behavior. The small volume of the surfactant rich phase allows the 
preconcentration of the analytes [9, 10]. In this paper, cloud point extraction was used to extract and 
preconcentrate PAHs residues in some traditional Chinese medicinal materials, and followed by HPLC-
fluorescence detection. 
2. Experimental 
2.1 Instruments and apparatus  
 
The chromatographic analysis was performed on Shimadzu LC-20AD liquid chromatograph with RF-
10Axl fluorescence detector and an LCsolution work-station (Shimadu, Japan). A high speed centrifuge 
was used to centrifuge the sample solutions (LG10-2.4 Beijing, China). A KQ2500E ultrasonic generator 
(Jiangsu, China) was used for the ultrasonic-assisted extraction. 
 
2.2 Chemicals and reagents 
 
     Naphthalene (NaP), Acenaphthene (AcP), Phenanthrene (PhA), Anthracene (AnT) and Pyrene (Pyr) 
were purchased from ChemService and Supelco Inc. Genapol X-080 was purchased from Sigma. 
Methanol was of HPLC grade. Doubly distilled water was used. 
 
2.3 Extraction of samples 
 
Chinese Medicinal Materials were ground into powder, and passed through 80 mesh sieve. 0.2g of the 
powder was accurately weighed and put into a 50 mL centrifugal tube and 5ml 10% GenapolX-080 was 
added and then the tube was vortexed for 1min. After 10 min ultrasonic-assisted extraction, the solution 
was centrifuged at 5000rpm for 15min. The supernatant was then poured into a 10ml glass centrifuge tube 
mixed with 0.8g NaCl. The glass centrifuge tube was kept in a water bath at 70qC for 15min. Two phases 
were separated and observed in the centrifuge tube: the surfactant rich phase containing the PAHs at the 
top and the water phase at the bottom. The water phase was removed by using a syringe with a long 
needle through the surfactant rich phase. The surfactant rich phase was diluted to 1ml with methanol. 
After filtration through a 0.45ȝm nylon membrane filter, 5ȝL aliquot was injected into HPLC for analysis. 
 
2.4 HPLC conditions 
  
The HPLC separation was performed on a Diamonsil-C18 column (150×4.6 mm i.d., 5ȝm) (Dikma, 
Beijing, China). Methanol-water (80:20, v/v) was used as mobile phase. The flow rate was 0.8 mL miní1. 
The column temperature was set at 30qC. The Àuorescence detection wavelengths are shown in Table 1. 
The injection volume was 5ȝL. 
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Table 1. Fluorescence detection wavelengths 
 
Time (min)       0-17.2   17.2-22   22-30 
ȜEx (nm) 260 260 320 
ȜEm (nm) 340   370 380 
3. Results and discussion 
3.1. Optimization of the Cloud point extraction conditions 
 
3.1.1. Effect of concentration of Genapol X-080 
 
The effect of concentration of GenapolX-080 on the extraction efficiency of PAHs was studied in the 
range of 1%-15% (w/v). The extraction efficiency increases rapidly when the concentration was increased 
from 1% to 15% as shown in Fig.1. Then, the extraction efficiency of anthracene, pyrene and 
acenaphthene significantly decreased. It is obvious that the concentration of surfactant at 10% should be 
selected for further studies. 
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Fig.1. Effect of Genapol X-080 concentration                                        Fig.2. Effect of the ultrasonic-assisted extraction time 
 
3.1.2. Optimization of the ultrasonic-assisted extraction time  
       
The effect of ultrasonic-assisted extraction time was investigated in the range of 5-40 min. Fig.2 shows 
that with the growth of the ultrasonic time, the peak area of naphthalene, acenaphthene, phenanthrene and 
pyrene remained constant, but the peak area of anthracene increased sharply when the extraction time was 
increased to 10 min. So the ultrasonic-assisted extraction time was set at 10min for the best extraction. 
 
3.1.3. Optimization of liquid-solid ratio 
 
As shown in Fig.3, when the liquid-solid ratio increased in the range of 15 -25(ml/g), the peak area 
increased slightly. Beyond 25 (ml/g), the peak area remained constant. So the liquid-solid ratio of 25(ml/g) 
was used in this paper. 
 
3.1.4 Optimization of salt concentration 
 
The addition of salt has been reported to facilitate phase separation in CPE. The presence of salt can 
increase the incompatibility between the water structures in hydration shells of the analytes and surfactant 
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macromolecules which can reduce the concentration of “free water” in surfactant-rich phase and, 
consequently reduce the volume of the phase. 
When 0.2g sodium chloride was added, phase separation could not be obtained. Then, as shown in 
Fig.4, an increase in the NaCl concentration resulted in increased peak area. Finally, 0.8g was selected for 
the following experiments. 
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Fig. 3. Effect of the liquid-solid ratio                                                                Fig. 4. Effect of the salt effect 
 
3.1.5 Optimization of the equilibration temperature 
 
As is known, the cloud-point temperature of the Genapol X-080 is 42qC. Theoretically, the optimal 
equilibration temperature of the CPE occurs when the equilibration temperature is 15–20°C higher than 
the cloud-point temperature of the surfactant. So the effect of temperature in the range of 40-95°C was 
examined. As shown in Fig.5, the extraction efficiency increased with the rise of temperature and reached 
the maximum value at 70qC. Therefore, 70qC was selected as the equilibration temperature for 
experiments. 
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Fig.5. Effect of the equilibration temperature                                                 Fig.6. Effect of the equilibration time 
 
3.1.6. Optimization of the equilibration time 
 
The effect of equilibration time was examined in the range of 5-60min. As shown in Fig.6, the peak 
area of the studied PAHs increased and reached the highest value at 15 min. So, 15 min was sufficient to 
obtain a good extraction.  
3.2. Method validations 
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Naphthalene, Acenaphthene, Phenanthrene, Anthracene and Pyrene could be separated well as shown 
in Fig.7. The calibration curves of PAHs were constructed and the linearity of the method was estimated 
by regression analysis of their peak areas (y) against the concentrations (x, ngmL-1). The linearity, the 
limits of detection (LOD) and repeatability of the method are summarized in Table 2. Recovery was 
tested by adding PAHs standards into 0.2g of the herb powder and processing the spiked sample 
according to the established method. The average recovery results are also shown in Table 2. 
 
3.3. Real sample analysis 
 
Under the optimized conditions, PAHs residues in Rehmannia, Radix Isatidis, Rhizoma Coptidis, Root 
of Auricledleaf Swallowwort and Radix Scutellariae were determined. Table 3 depicts the contents of 
PAHs residues in the five kinds of Chinese Medicinal Materials.  
 
Table 2 Analytical performance of the method 
 
PAHs Linear range (ng/mL) R LOD(ng/mL) RSD(%) Recovery (%) 
Naphthalene 0.05~20 0.9994 0.02     6.3     67 
Acenaphthene 0.05~20 0.9989 0.01 5.8 68 
Phenanthrene 0.05~20 0.9996 0.01 4.6 78 
Anthracene 0.05~20 0.9999 0.05 6.2 107 
Pyrene 0.05~20 0.9999 0.04 6.6 97 
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Fig.7. Chromatogram of a standard mixture of five PAHs 
1-˄Nap˅ǃ2-˄AcP˅ǃ3-˄PhA˅ǃ4-˄AnT˅ǃ5-˄Pyr˅ 
 
Table 3 PAHs residues found in Chinese Medicinal Materials 
 
PAHs Rehmannia (ȝg/kg˅ 
Radix isatidis  
(ȝg/kg˅ 
Rhizoma Coptidis    
(ȝg/kg˅ 
Root of 
Auricledleaf 
Swallowwort    
(ȝg/kg˅ 
Radix 
Scutellariae   
(ȝg/kg˅ 
Naphthalene 4.2 6.8 4.5 8.5 2.9 
Acenaphthene 4.3 1.9 11.9 5.3 4.2 
Phenanthrene 4.4 5.3 5.4 10.8 0.6 
Anthracene 0.4 0.2 10.8 8.0 0.9 
Pyrene 2.7 6.5 6.0 7.0 2.6 
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4. Conclusions 
The established method gives satisfactory results for the extraction and simultaneous determination of 
PAHs residues in traditional Chinese medicinal materials. Compared with conventional extraction 
methods, the cloud point extraction method shows several advantages, such as simplicity, rapidity and 
minimum use of toxic solvents.  
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